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Direct measurements on s a t e l l i t e s  and space probes s i n c e  1961 
have demonstrated t h e  e x i s t e n c e  of the s o l a r  wind, e s s e n t i a l l y  as 
t h e o r e t i c a l l y  p r e d i c t e d  by E.  N e  Parker.  Typical  v a l u e s  a t  1 A.U. 
of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  are:  6 gamma average magnitude 
ranging between 2 t o  40 g a m a ;  f l u x  values  range from lo8 t o  10 
ions/cm /sec. Add i t iona l  f i r s t  o rde r  r e s u l t s  suggest t h a t  t h e  s o l a r  
wind source is loca ted  a t  10' t o  25' nor th  h e l i o g r a p h i c  l a t i t u d e  and 
appears  ( a t  1 A.U) t o  come from approximately 1.5' east of t h e  sun, 
10 
2 
a d i r e c t  r e s u l t  of c o r o t a t i o n  of t h e  inne r  s o l a r  corona. Synopt ic  
s t u d i e s  of p h y s i c a l  p r o p e r t i e s  have ind ica t ed  a s e c t o r i n g  of t h e  
d i r e c t i o n  o f  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  and c o r r e l a t e d  
v a r i a t i o n s  of plasma v e l o c i t y ,  d e n s i t y  and temperature.  Second o rde r  
r e s u l t s  r e c e n t l y  ob ta ined  r e v e a l  a f i n e  scale f i l amen ta ry  s t r u c t u r e  
of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  which d i r e c t l y  connects t o  t h e  
sun. F i e l d  a l igned  thermal ( o r  random v e l o c i t y )  a n i s o t r o p i e s  i n  t h e  
s o l a r  plasma are a l s o  observed. This paper reviews t h e  q u a n t i t a t i v e  
r e s u l t s  and synop t i c  p i c t u r e  which has emerged of t h e  extended s o l a r  
corona as observed from 0.7 t o  1.5 AU du r ing  t h e  last s i x  y e a r s  by . 
t h e  Mariner,  IMP , Pioneer  and Vela spacec ra f t .  
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I n t r o d u c t i o n  
The phys ica l  p r o p e r t i e s  of t h e  i n t e r p l a n e t a r y  medium were not  
A t  t h a t  t i m e ,  t h e  s a t e l l i t e  expe r imen ta l ly  a c c e s s i b l e  u n t i l  1959. 
era,  i n i t i a t e d  i n  1957 by t h e  USSR Sputnik,  had progressed so t h a t  
launching of instruments  i n t o  deep space permit ted i n  s i t u  s t u d i e s .  
P r i o r  t o  t h i s ,  t h e  p r o p e r t i e s  of t h e  i n t e r p l a n e t a r y  medium were 
s t u d i e d  by a number of i n d i r e c t  methods. 
The a n a l y s i s  of geomagnetic d i s tu rbances  fol lowing s o l a r  f l a r e  
occurrences and t h e  a n a l y s i s  of e n e r g e t i c  par t ic le  bombardment of 
t h e  terrestr ia l  s u r f a c e  y i e lded  information concerning t h e  modulation 
of cosmic r a y s  f o r  t h e  subsequent development of models of t h e  
i n t e r p l a n e t a r y  medium. I n  a d d i t i o n ,  s t u d i e s  of t h e  s o l a r  atmosphere 
i n  t h e  v i c i n i t y  of t h e  sun were performed by observing t h e  
s c i n t i l l a t i o n  of stars. Various o the r  techniques i n v e s t i g a t e d  t h e  
s c a t t e r i n g  and r e f r a c t i v e  e f f e c t s  of t h e  i n t e r p l a n e t a r y  medium on 
e l ec t romagne t i c  r a d i a t i o n .  
Gene ra l ly  i t  w a s  thought that i n t e r p l a n e t a r y  space w a s  approximately 
a p e r f e c t  vacuum w i t h  only some r e s i d u a l  n e u t r a l  d u s t  par t ic les  p resen t  
i n  p o s s i b l y  a s t a t i c  atmosphere of the sun. I n  a series of s t u d i e s  
beginning i n  1957, E. N. Pa rke r  developed a theo ry  of t h e  hydrodynamic 
expansion of t h e  s o l a r  corona i n t o  i n t e r p l a n e t a r y  space.  I n h e r e n t  
i n  t h i s  model i s  t h e  ex tens ion  of the s o l a r  magnetic f i e l d  as observed 
i n  t h e  photosphere and t h e  development of a c h a r a c t e r i s t i c  Archimedean 
s p i r a l  geometry due t o  t h e  r o t a t i o n  of t h e  sun. A t  1 A.U. B i s  o r i e n t e d  
* 
g e n e r a l l y  i n  t h e  p l ane  of t h e  e c l i p t i c  ( i n c l i n e d  7 O  t o  t h e  h e l i o g r a p h i c  
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equa to r )  and i s  d i r e c t e d  on average a t  45' t o  a s o l a r  r a d i u s  v e c t o r  
i n  a sense e i t h e r  outwards from t h e  sun o r  inwards t o  t h e  sun. 
Many f e a t u r e s  of t h e  cosmic r a y  te r res t r ia l  obse rva t ions  were explained 
reasonably w e l l  by t h i s  g e n e r a l  model and today t h i s  t h e o r e t i c a l  
work has withstood t h e  t e s t  of d e t a i l e d  c r i t i s i s m  and t h e  d i r e c t  
.I 
measurements by experimental  apparatus .  It  i s  not t h e  i n t e n t  of t h i s  
paper t o  review the  t h e o r e t i c a l  model but  r a t h e r  t o  review t h e  
experimental  obse rva t ions  and r e s u l t s  obtained concerning t h e  
d e t a i l e d  phys ica l  p r o p e r t i e s  of t h e  i n t e r p l a n e t a r y  plasma and i t s  
magnetic f i e l d .  Space l i m i t a t i o n s  w i l l  preclude expansive d i s c u s s i o n s  
of any one r e s u l t  and s p e c i f i c  comparison w i t h  t h e o r e t i c a l  t r ea tmen t s .  
I n t e r e s t e d  r e a d e r s  a r e  referenced t o  t h e  t e x t  by P a r k e r  (1963) f o r  
a summary of t h e  s t a t u s  p r i o r  t o  these  d i r e c t  measurements. This  
paper p r e s e n t s  r e s u l t s  g e n e r a l l y  i n  chronological  o r d e r  according 
t o  launch schedule and not subsequent ana lyses  and p u b l i c a t i o n  of 
conc lus ions  which may i n  f a c t  have occurred s e v e r a l  yea r s  l a t e r .  
A s  a r e s u l t  of experimental  s t u d i e s  t h e r e  are c e r t a i n  g e n e r a l  
f e a t u r e s  of t h e  i n t e r p l a n e t a r y  medium which have been i d e n t i f i e d ,  
The s o l a r  wind i s  a f l u x  o f  p l a sma ,  t he  p r i n c i p a l  p o s i t i v e  i o n i c  
c o n s t i t u e n t  being hydrogen, w i th  approximately 5% helium and i s  
measured a t  1 AU t o  be between lo8 t o  l o l o  ions/cm / s e c  w i t h  an  2 
average energy of 1 KEV/ion. Threading through t h e  p lasma i s  t h e  
i n t e r p l a n e t a r y  magnetic f i e l d ,  of s o l a r  o r i g i n ,  w i t h  an average 
magnitude of 6 gamma a t  1 AU although f l u c t u a t i o n s  occur  w i t h  
magnitudes between 2 t o  40 gamma, l a r g e s t  when fo l lowing  s o l a r  f l a r e  
a c t i v i t y ,  The s o l a r  wind appears t o  flow from s l i g h t l y  e a s t  of t h e  
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sun by 1.5 , an e f f e c t  which is i d e n t i f i e c  w i t h  t h e  c o r o t a t i o n  of 
t h e  s o l a r  corona out  t o  s e v e r a l  s o l a r  r a d i i  beyond t h e  sun. 
l o n g i t u d i n a l  s t r u c t u r e  and temporal permanency of s p e c i f i c  f e a t u r e s  
l e a d  t o  an apparent c o r o t a t i o n  of c h a r a c t e r i s t i c  t ime v a r i a t i o n s  of 
t h e  i n t e r p l a n e t a r y  medium when observed by sa te l l i t es  and space probes 
between 0.7 and 1.5 AU. It i s  emphasized t h a t  t h i s  more d i s t a n t  
c o r o t a t i o n  is an  apparent  f e a t u r e  and does not  imply t h e  r i g i d  
r o t a t i o n  of t h e  more d i s t a n t  i n t e r p l a n e t a r y  medium w i t h  t h e  sun. 
0 
The 
From d e t a i l s  a v a i l a b l e  from s a t e l l i t e  s t u d i e s  i t  i s  convenient 
t o  cons ide r  t h e  s t r u c t u r e  of t he  i n t e r p l a n e t a r y  medium on t h r e e  t i m e  
scales: 
1. Micro - s t ruc tu re  ( l e s s  t h a n  one hour) which inc ludes  
shock waves and plasma-magnetic f i e l d  d i s c o n t i n u i t i e s ;  
Meso-structure (one to lo2 hours) which inc ludes  
f i l a m e n t s  o r  kinks i n  t h e  f i e l d  topology and; 
Macro-structure  ( g r e a t e r  t han  lo2 hours) which 
r e f e r s  t o  t h e  s e c t o r i n g  of t h e  i n t e r p l a n e t a r y  medium 
and ve ry  long f i laments .  
2. 
3. 
These t i m e  s c a l e s  may be converted t o  l e n g t h  s c a l e s  a t  1 AU by 
These mul t ip ly ing  by an  average s o l a r  wind v e l o c i t y  of 400 km/sec. 
t hen  y i e l d :  
1. LPs < l o 6  km 0.01 AU 
2 o  Lmeso 
30 ‘macro 
106-8 km A 0.1 AU 
8 > 10 km 1 AU 
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PRE IQSY R e s u l t s  
E a r l y  measurements i n  1961 of  magnetic f i e l d s  and p la smas  by 
Exp lo re r  10 i n  t h e  e a r t h ' s  magnetosheath (Heppner e t .  a l . ,  1963 and 
B o n e t t i  e t .  a l . ,  1963) and of t h e  permanent d i s t o r t i o n  of t h e  
geomagnetic f i e l d  by Explorer  12 ( C a h i l l  and Amazeen, 1963) suggested 
t h e  permanent e x i s t e n c e  of t h e  s o l a r  wind as modeled by Pa rke r .  E a r l y  
USSR r e s u l t s  by Gringauz e t .  a l . ,  (1960) measured a low energy plasma 
f l u x  on Luna 2. However i t  w a s  not u n t i l  t h e  US Venus probe, Mariner 
11, conducted an extended series of measurements a t  t h e  end of 1962 
t h a t  d i r e c t  d e t e c t i o n  of t h e  i n t e r p l a n e t a r y  p l a s m a  and a n a l y s i s  of 
i t s  c h a r a c t e r i s t i c s  w a s  p o s s i b l e .  A summary of t h e  average p r o p e r t i e s  
of t h e  p o s i t i v e  i o n  component of t h e  s o l a r  wind has been given by 
Neugebauer and Snyder (1966) and f i g u r e  1 p r e s e n t s  t h e i r  r e s u l t s  
ob ta ined  over  t h e  f i v e  s o l a r  r o t a t i o n s  1767-1771 i n  1962. The d a t a  
are p resen ted  on a 27 day t i m e  s c a l e  so t h a t  t h e  r ecu r rence  of high 
v e l o c i t y  plasma streams, another  of the major e a r l y  r e s u l t s  ob ta ined  
w i t h  t h i s  experiment,  are r e a d i l y  i d e n t i f i e d .  
number d e n s i t y  and v e l o c i t y  f r equen t ly  v a r y  180 
f l u x  v a l u e s  a r e  more cons t an t  than e i t h e r  d e n s i t y  o r  v e l o c i t y .  For 
t h e s e  d a t a  an average v e l o c i t y  V o f  504 km/sec i s  ob ta ined  wi th  a = 5 
and t h e  f r a c t i o n a l  helium content  as 4 , 6  2 3.8%, w i t h  V H e t t  
The s tudy of t h e  s p a t i a l  g rad ien t  of the  f l u x  of i n t e r p l a n e t a r y  
p la sma  i s  shown i n  f i g u r e  2 and i s  compared w i t h  t h e  t h e o r e t i c a l  
model of Parker .  
independent of d i s t a n c e  from the  sun f o r  d i s t a n c e s  between 0.7 
It i s  seen  t h a t  t h e  
0 o u t  of phase so t h a t  
V H t .  
The plasma v e l o c i t y  was observed t o  be e s s e n t i a l l y  
- 1.0 
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AU, The d e n s i t y ,  f l u x  and energy deilsi ty show good agreement w i t h  
t h e o r y ,  which p r e d i c t s  an inve r se  d i s t a n c e  squared dependence. 
S t u d i e s  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  by Smith (1964), 
and Davis e t .  a l . ,  (1966) revealed the gene ra l  agreement of t h e  
- I  
o b s e r v a t i o n s  wi th  t h e  Archimedean s p i r a l  model of Parker .  E a r l i e r  
o b s e r v a t i o n s  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  by Pioneer  V had 
suggested a gene ra l  d i p o l a r  f i e l d  (Coleman e t .  a l . ,  1960) although 
r e c e n t l y  Greenstadt  (1966) has reviewed t h e s e  d a t a  and showed t h a t  
now they  compare f avorab ly  w i t h  t h e  model of P a r k e r ,  D e t a i l e d  
a n a l y s i s  of t h e  f l u c t u a t i o n s  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  
have been performed by Coleman (1966) and a sample  o f  t h e  r e s u l t s  
ob ta ined  is shown i n  f i g u r e  3.  The f l u c t u a t i o n s  of t h e  component 
of t h e  magnetic f i e l d  p a r a l l e l  t o  a s o l a r  r a d i u s  v e c t o r  i s  s t u d i e d  
f o r  t i m e  scales from 74 seconds t o  1 day. The predominant f e a t u r e  
of t h e  spectrum i s  t h e  inve r se  frequency dependency, which is  
due p r i n c i p a l l y  t o  t h e  presence of numerous s m a l l  abrupt d i s c o n t i n u i t i e s  
i n  t h e  i n t e r p l a n e t a r y  magnetic f i e l d .  The spectrum, i t s  changes and 
c h a r a c t e r i s t i c  v a l u e s  are important i n  both t h e  microscopic  p r o p e r t i e s  
of t h e  i n t e r p l a n e t a r y  medium and t h e  propagat ion of cosmic r a y s  
through t h e  s o l a r  system. 
4 -.i 
dB a B  i 
d t  a t  - - + ( v  V) Bi sw Since  
- 
observed 
and t h e  s o l a r  wind v e l o c i t y ,  V s w , i s  l a r g e r  t han  t h e  MHD wave v e l o c i t i e s  
by a f a c t o r  of 5-10, t h e  second term on t h e  RHS i s  correspondingly l a r g e r  
t han  t h e  f i r s t .  Thus, convection o f  t he  i n t e r p l a n e t a r y  p l a s m a  p a s t  a 
L 
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s a t e l l i t e  o r  space probe dominates t h e  measurement o f  f l u c t u a t i o n s  
s o  t h a t  t h e  a c t u a l  temporal v a r i a t i o n s  of t h e  i n t e r p l a n e t a r y  magnetic 
f i e l d  have n o t  y e t  been s t u d i e d ,  
- a -  
IQ SY Resu l t  s 
Extended measurements of t h e  i n t e r p l a n e t a r y  plasma on an 
e a r t h  o r b i t i n g  sa te l l i t e  were f i r s t  accomplished by IMF-1 a t  t h e  
end of 1963 and e a r l y  1964 (Bridge e t ,  a l . ,  1965; Wolfe e t .  a l . ,  
1966a) Accurate measurements of t h e  i n t e r p l a r e  t a r y  magnetic f i e l d  
were obtained (Ness e t .  a l . ,  1964) w i t h  t h e  d i s t r i b u t i o n  of average 
magnitudes over 3 s o l a r  r o t a t i o n s  shown i n  f i g u r e  4. The v e c t o r  
p r o p e r t i e s  of t h e  i n t e r p l a n e t a r y  f i e l d  showed c h a r a c t e r i s t i c  p a t t e r n s  
p a r a l l e l i n g  the  expected Archimedean s p i r a l  ang le ,  and a t  e i t h e r  a 
p o s i t i v e  (@ - 135O) o r  nega t ive  ($ - 315O) sense a t  1 AU. 
observed d i s t r i b u t i o n  para l le l  and pe rpend icu la r  t o  t h e  e c l i p t i c  
p l ane  are shown i n  f i g u r e  5,  It is noted t h a t  t h e r e  appears  t o  be 
a s m a l l  average southward component t o  the  i n t e r p l a n e t a r y  magnetic 
f i e l d  perpendicular  t o  the  e c l i p t i c ,  which w a s  p rev ious ly  observed 
by Mariner I1 and Pioneer  5. The phys ica l  i n c o n s i s r e n c i e s  inhe ren t  
i n  such a permanent magnetic f i e l d  component have r e c e n t l y  been 
reviewed by Dessler (1966). The average f i e l d  magnitude i s  observed 
t o  be 6 gamma and t h e  d i s t r i b u t i o n  i n d i c a t e s  t h e  permanent e x i s t e n c e  
o f  an imbedded magnetic f i e l d  th read ing  through t h e  i n t e r p l a n e t a r y  
p la sma ,  The c o r r e l a t i o n  of photospheric  magnetic f i e l d  d i r e c t i o n s  
w i t h  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  demonstrates  t h e  s o l a r  o r i g i n  
and ex tens ion  i n t o  i n t e r p l a n e t a r y  space (Wilcox and Ness, 1966), 
The 
The magnetic f i e l d  d i r e c t i o n ,  c o r r e l a t e d  w i t h  photospheric  
magnetic f i e l d  measurements yielded a 4 , 5  2 0.5 day de lay  t i m e  from 
t h e  c e n t r a l  meridian passage, This l e a d s  t o  a s o l a r  wind v e l o c i t y  of 
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385 +_ 45 km/sec., (Ness and Wilcox, 1964) and i s  i n  good agreement 
w i t h  t h e  d i r e c t  measurement of average p la sma  v e l o c i t y  of 378 km/sec 
(Wolfe e t .  a l . ,  1966). S tud ie s  of t h e  r ecu r rence  c h a r a c t e r  of t h e  
f i e l d  d i r e c t i o n  as w e l l  as comparison wi th  t h e  photospheric  magnetic 
f i e l d  d i r e c t i o n  u t i l i z e s  c o r r e l a t i o n  func t ion  techniques.  
c o r r e l a t i v e  s t u d i e s  and coherent r e s u l t s  e s t a b l i s h e d  t h e  s o l a r  o r i g i n  
of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  and a l s o  r evea led  t h e  l o n g i t u d i n a l  
s t r u c t u r i n g  of t h e  f i e l d  p o l a r i t i e s  i n t o  cons t an t  p o l a r i t y  s e c t o r s  
du r ing  t h i s  t i m e  (Ness and Wilcox, 1965). 
from t h e  IMP-1 d a t a  are shown i n  f i g u r e  6 i n  which a c i r c u l a r  
superposed epoch map i s  p resen ted  f o r  t he  i n t e r p l a n e t a r y  magnetic 
f i e l d  d i r e c t i o n s  measured during t h e  th ree  s o l a r  r o t a t i o n s  1783-1785. 
The c o r r e l a t i o n  of cosmic ray "streams" contained wi th  a s p e c i f i c  
s e c t o r  du r ing  t h e s e  same 3 s o l a r  r o t a t i o n s  i s  shown i n  f i g u r e  7 
using data from t h e  U n i v e r s i t y  of Chicago experiment (Fan e t .  a l . ,  
1965), These d a t a  are presented on a 27 day b a s i s  w i t h  t h e  ove r l ay  
of t h e  s e c t o r s ,  determined from t h e  magnetic f i e l d  d a t a ,  and show a 
remarkable c o r r e l a t i o n  as w e l l  as evidence of d i s t o r t i o n  of a r i g i d  
s e c t o r  p a t t e r n  a s s o c i a t e d  wi th  a magnetic s torm d i s tu rbance  (Wilcox 
and Ness, 1965). 
These 
The 4 s e c t o r s  deduced 
I n  a d d i t i o n  t o  i d e n t i f y i n g  r ecu r ren t  s t r u c t u r e s  w i t h i n  t h e  
i n t e r p l a n e t a r y  f i e l d  a t  1 AU t h e s e  c o r r e l a t i o n  ana lyses  a l s o  y i e l d  
c h a r a c t e r i s t i c  p e r i o d i c i t i e s  which can be compared wi th  synodic 
r o t a t i o n  pe r iods  of photospheric  f i e l d s  a t  d i f f e r e n t  h e l i o g r a p h i c  
l a t i t u d e s .  F igu re  8 compares t h e  p e r i o d i c i t i e s  of r o t a t i o n  of 
pho tosphe r i c  magnetic f i e l d s  and t h e  IMP-1 pe r iod  w i t h  t h e  s tudy  of 
sun spo t  pe r iods  by Newton and Nunn (1951) demonstrat ing t h e  d i f f e r e n t i a l  
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r o t a t i o n  of t h e s e  f e a t u r e s .  These d a t a ,  when c o r r e l a t e d  w i t h  
a d d i t i o n a l  coronal  information suggest t h a t  t h e  s o l a r  p l a s m a  as 
observed du r ing  t h i s  t i m e  had an o r i g i n  a t  roughly 10 
h e l i o g r a p h i c  l a t i t u d e  (Wilcox and Ness , 1967). Subsequent s t u d i e s  
0 
t o  ZOO n o r t h  
i n  t h e  IMP s a t e l l i t e  series have confirmed and pe rmi t t ed  a t r a c k i n g  
of t h e  l a t i t u d e  source of s o l a r  p l a s m a  as deduced from t h e  r ecu r rence  
p e r i o d s  of t h e  s e c t o r  s t r u c t u r e ,  
A summary of t h e  measurements of s e c t o r  s t r u c t u r e  beginning i n  
1962 and cont inuing t o  IMP-3 i n  1965 i s  shown i n  f i g u r e  9 .  The 
q u a s i - s t a t i o n a r y  c h a r a c t e r  o f  t h e  fou r  s e c t o r  s t r u c t u r e  observed i n  
l a te  1964 as measured by IMP 2 ( F a i r f i e l d  and Ness, 1967) is  c l e a r l y  
ev iden t  i n  t h i s  f i g u r e ,  The break-up of t h i s  r e g u l a r  p a t t e r n  i n  
1965, d e t e c t e d  by Mariner I V  (Coleman e t ,  a l . ,  1967) and IMP-3 
(Ness and Wilcox, 1967) i s  a l s o  c l e a r ,  The a u t o c o r r e l a t i o n  a n a l y s i s  
of t h e  IMP-3 1965 d a t a  y i e l d s  recurrence pe r iods  of t h e  p o l a r i t y  
p a t t e r n s  of 28 days which suggests t h e  s o l a r  wind o r i g i n  w a s  a t  an 
even h ighe r  l a t i t u d e ,  approximately 20° - 25 , t han  f o r  IMP-1  (Ness 
and Wilcox, 1967)" During 1965, t h e  s e c t o r  p a t t e r n  w a s  evo lu t iona ry  
w i t h  new s e c t o r s  appearing and o t h e r s  d i sappea r ing  
0 
D e f i n i t i v e  measurements of t h e  p o s i t i v e  ion  spectrum have been 
ob ta ined  i n  t h e  Vela sa te l l i t e  program by a group a t  t h e  Los  Alamos 
L a b o r a t o r i e s  (Hundhausen e t u  a l , ,  1967a) A sample of d a t a  obtained 
du r ing  1965 wi th  ve ry  c l o s e l y  spaced windows measuring t h e  energy 
p e r  u n i t  charge spectrum and d i r e c t i o n a l  c h a r a c t e r i s t i c s  of t h e  
i n t e r p l a n e t a r y  p la sma  i s  shown in f i g u r e  10 
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A d e t a i l e d  s tudy  of t h e  d i r e c t i o n  o f  a r r i v a l  of t h e  p l a sma  on 
t h e  V e l a - 2  s a t e l l i t e  by Strong e t ,  a l , ,  (1967) i n d i c a t e s  an angular  
d e p a r t u r e  of r a d i a l  flow of  s o l a r  plasma approximately 1.5O e a s t ,  i n  
t h e  sense of a r i g i d l y  c o r o t a t i n g  inner  s o l a r  corona. These r e s u l t s  
are i n  good agreement wi th  the  t h e o r e t i c a l  s t u d i e s  by Weber and 
Davis (1967) and obse rva t iona l  s t u d i e s  of cometary t a i l  o r i e n t a t i o n s  
by Brandt e t .  a l . ,  (1966)" 
exe r t ed  on t h e  sun f o r  geo log ica l  time s c a l e s  has been pointed out  
by Brandt ( 19 66). 
The consequences of t h e  n e t  torque 
D e t a i l e d  s t u d i e s  of t h e  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n  have been 
performed i n  t h e  Vela s e r i e s  of s a t e l l i t e s  by Hundhausen e t .  a l . ,  
(1967a). 
t h e  i n t e r p l a n e t a r y  p lasma wi th  contour l i n e s  of f l u x  v a l u e s  a t  10% 
increments of t h e  maximum. 
a s o l i d  t r i a n g l e  near  t h e  c e n t e r  of the map. 
of t h e  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n  i n d i c a t e s a n  e q u i v a l e n t  temperature 
a n i s o t r o p y  of t h e  random motions. Superimposed on t h e s e  d a t a  
i s  t h e  d i r e c t i o n  of t he  i n t e r p l a n e t a r y  magnetic f i e l d .  The in s t an taneous  
alignment of t h e  thermal an i so t ropy  of t h e  s o l a r  p l a sma  wi th  t h e  
i n t e r p l a n e t a r y  magnetic f i e l d ,  as demonstrated h e r e ,  i s  due t o  t h e  
conse rva t ion  of t h e  f i r s t  a d i a b a t i c  i n v a r i a n t  of t h e  s o l a r  plasma as 
i t  f lows outward from t h e  sun. An extended comparison of simultaneous 
d a t a  ob ta ined  on two d i f f e r e n t  e a r t h  o r b i t i n g  s a t e l l i t e s ,  Vela-3 and 
IMP-3, are p resen ted  i n  f i g u r e  1 2 .  These d a t a  show t h e  g e n e r a l l y  
e x c e l l e n t  agreement between the p red ic t ed  magnetic f i e l d  d i r e c t i o n  as 
F igu re  11 p r e s e n t s  a two-dimensional map of t h e  v e l o c i t y  of 
The average bulk v e l o c i t y  is  i n d i c a t e d  by 
The non-c i r cu la r  symmetry 
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deduced from the temperature anisotropy with the measured 
interplanetary magnetic field (Hundhausen, Bame and Ness, 1967). 
The results from the IMP and Vela satellites generally have 
been the principal contributors during the IQSY to our understanding 
of the physical parameters describing the interplanetary medium. Both 
macro-structure: the sectoring of the interplanetary medium; and 
the micro-structure of the temperature anisotropy of the interplanetary 
medium, were detected and identified. 
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Important  Resu l t s :  1966-1967 
,Tust as t h e  c l o s e  of IQSY, December 1965, t h e  US launched t h e  
P ionee r  6 i n t e r p l a n e t a r y  probe t o  study t h e  plasma,cosmic r a y s  and 
magnetic f i e l d s  between 0 , 8  and 1 AU, Data were obtained e s s e n t i a l l y  
con t inuous ly  over 6 s o l a r  r o t a t i o n s  from December 1965 t o  May 1966, 
1811-1817, w i th  subsequent spo rad ic  d a t a  obtained t h e r e a f t e r ,  The 
important  f e a t u r e  of Pioneer  6 d a t a  is t h a t  i t  w a s  ob ta ined  on t h e  
ascending phase of s o l a r  a c t i v i t y "  Evidence of t h i s  i s  seen i n  
f i g u r e  13 i n  which t h e  magnitude d i s t r i b u t i o n  f u n c t i o n  o f  hourly 
averages is  shown y i e l d i n g  a median of 5 gamma al though t h e r e  were 
s e v e r a l  i n t e r v a l s  during which t h e  average magnetic f i e l d  exceeded 
16 g a m a  f o r  more t h a n  1 hour,  These l a r g e  f i e l d  s t r e n g t h s  a r e  
c h a r a c t e r i s t i c a l l y  a s soc ia t ed  with in t ense  s o l a r  f l a r e  d i s t u r b a n c e s .  
The d i r e c t i o n a l  d i s t r i b u t i o n  func t ion  f o r  t h e  i n t e r p l a n e t a r y  magnetic 
f i e l d  i s  shown i n  f i g u r e  14, Here i t  is noted t h a t  t h e  Archimedean 
s p i r a l  aga in  i s  a c h a r a c t e r i s t i c  f e a t u r e  of t h e  component p r o j e c t e d  on 
t h e  e c l i p t i c  plane but  t h e r e  i s  no d e t e c t a b l e  average component 
pe rpend icu la r  t o  t h e  e c l i p t i c  plane.  
A study of t h e  recurrence period f o r  Pioneer  6 y i e l d s  a peak a t  
29 days.  On t h i s  time s c a l e  t h e  p o l a r i t y  s e c t o r  s t r u c t u r e  i s  p resen ted  
i n  f i g u r e  15 and it  i s  noted t h a t  an evo lu t iona ry  p a t t e r n  i s  r e a d i l y  
e v i d e n t ,  The s e c t o r s  are non- s t a t iona ry  al though t h e r e  appea r  t o  be 
roughly 4 s e c t o r s  as p rev ious ly  observed. This  apparent  permanency 
of 4 s e c t o r s  throughout t h e s e  sa te l l i t e  s t u d i e s  may r e v e a l  a h e r e t o f o r e  
u n a n t i c i p a t e d  l o n g i t u d i n a l  p a t t e r n  of t h e  i n t e r n a l  s t r u c t u r e  of t h e  
sun. 
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Since  t h e  Pioneer  6 sa te l l i t e  moves d i f f e r e n t i a l l y  w i t h  respect 
t o  t h e  e a r t h  i n  h e l i o c e n t r i c  r a d i a l  d i s t a n c e  and long i tude ,  t h e  
c o r r e c t i o n  f o r  c o r o t a t i o n  of s i g n i f i c a n t  i n t e r p l a n e t a r y  f e a t u r e s  
y i e l d s  a per iod of approximately 28 days. This  r ecu r rence  pe r iod  
i s  longer  t h a n  obtained on t h e  IMP-1, b u t  i s  s i m i l a r  t o  IMP-3 and 
sugges t s  t h a t  t h e  source s o l a r  plasma i s  s t i l l  n o r t h  of t h e  s o l a r  
e q u a t o r ,  by as much as 20  t o  30° for  t h i s  t i m e  i n t e r v a l .  Simultaneous 
measurements between Pioneer  6 and IMP-3 (Ness, 1966) have been 
compared when the  two sa te l l i t es  were i n  t h e  v i c i n i t y  of t h e  e a r t h  
b u t  s epa ra t ed  by 1 x lo6 k i lome te r s .  The d a t a ,  when t i m e  s h i f t e d  by 
approximately one hour,  showed e x c e l l e n t  agreement i n  both magnitude 
and d i r e c t i o n .  Th i s  demonstrates the l o c a l  un i fo rmi ty  of t h e  i n t e r -  
p l a n e t a r y  magnetic f i e l d  on l e n g t h  s c a l e s  of 0 .01  AU. 
0 
The sa t e l l i t e  s tudy  of s o l a r  cosmic r a y  a n i s o t r o p i e s  and t h e  
i n t e r p l a n e t a r y  magnetic f i e l d  has been i n i t i a t e d  by McCracken and 
Ness (1966). I n  t h i s  work t h e  d i r e c t i o n  of a r r i v a l  of s o l a r  cosmic 
r a y s  was compared w i t h  t h e  d i r e c t i o n  of t h e  in s t an taneous  i n t e r p l a n e t a r y  
magnetic f i e l d .  F igu re  16 p r e s e n t s  t h i s  comparison a d  shows t h e  
f e a t u r e  of c o l l i m a t i o n  o f  t h e  cosmic r a y s  by t h e  i n t e r p l a n e t a r y  
magnetic f i e l d .  
subsequent s t u d i e s  o f  cosmic r ay  a n i s o t r o p i e s .  
been shown (McCracken, Rao, and Ness, 1967) t h a t  cosmic r ay  
a n i s o t r o p i e s  can be sepa ra t ed  i n t o  two classes: non-equi l ibr ium and 
equ i l ib r ium.  Immediately fol lowing s o l a r  f l a r e  i n j e c t i o n ,  t h e  s o l a r  
cosmic r a y  an i so t ropy  (20-50%) is  well  a l igned  w i t h  t h e  l o c a l  
i n t e r p l a n e t a r y  magnetic f i e l d .  
Th i s  f i n e  s c a l e  f e a t u r e  has been observed i n  
S t a t i s t i c a l l y  it has  
This i n d i c a t e s  t h e  f i r m  r o o t i n g  of 
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i n t e r p l a n e t a r y  magnetic f i e l d  l i n e s  t o  t h e  sun where par t ic les  are 
i n j e c t e d  and t h e i r  subsequent propagat ion t o  t h e  space probe. The 
equ i l ib r ium an i so t ropy  appears l a t e  fol lowing a f l a r e  event  and p e r s i s t s  
during q u i e t  t i m e s  and i s  c h a r a c t e r i z e d  by a temporal i nva r i ance  of 
both t h e  magnitude ( 5  t o  10 pe rcen t )  and phase o f  t h e  a n i s o t r o p y  w i t h  
t h e  maximum observed coming from t h e  s o l a r  d i r e c t i o n .  
an i so t ropy  of t h e  s o l a r  plasma has  a l s o  been observed (Wolfe e t .  a l . ,  
19 66b) e 
Thermal 
A r a d i a l  g r a d i e n t  t o  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  has  been 
d e t e c t e d  by Burlaga and Ness (1967) and shown t o  be i n  g e n e r a l  
agreement wi th  t h e  model of Pa rke r  i n  which t h e  t r a n s v e r s e  component 
and r a d i a l  component of t h e  magnetic f i e l d  dec rease  approximately 
p ropor t iona l  t o  d i s t a n c e  and d i s t a n c e  squared,  r e s p e c t i v e l y .  I n  
a d d i t i o n  a d e t a i l e d  s tudy of d i s c o n t i n u i t i e s ,  c h a r a c t e r i z e d  by abrupt  
t r a n s i e n t  dec reases  i n  t h e  magnitude of t h e  magnetic f i e l d  
sugges t s  t h a t  t h i s  c l a s s  of m i c r o s t r u c t u r e  corresponds t o  a 
t a n g e n t i a l  d i s c o n t i n u i t y  and i s  not  i d e n t i f i e d  as a shock, 
o r  a r o t a t i o n a l  d i s c o n t i n u i t y .  
These a r e  d i s c o n t i n u i t i e s  which probably act as d i s c r e t e  t h i n  
4 cosmic r a y  s c a t t e r i n g  c e n t e r s  w i t h  l e n g t h  scales of 1 X 10 
The general  model of t h e  microscopic s t r u c t u r e  of t h e  i n t e r p l a n e t a r y  
medium which r e s u l t s  from t h e  obse rva t ions  of numerous t a n g e n t i a l  
d i s c o n t i n u i t i e s  i s  t h a t  t h e  i n t e r p l a n e t a r y  f i l a m e n t s  o r  f l u x  tubes 
i d e n t i f i e d  by Ness, Scearce and Cantarano (1966) are more a p p r o p r i a t e l y  
considered t o  l i e  a top  one ano the r  l i k e  "noodles on a p l a t e "  (Burlaga 
and Ness, 1967). 
k i lome te r s .  
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Rela t ionsh ip  of K t o  I n t e r p l a n e t a r y  Medium 
S tud ie s  of t h e  v a r i a t i o n  of t h e  p l a n e t a r y  magnetic a c t i v i t y  
i n d i c e s  K and a wi th  s o l a r  wind v e l o c i t y  have been c a r r i e d  ou t  
by Snyder e t  e a l . ,  ( 1 9 6 3 ) ,  Maer and Dessler ( 1 9 6 4 ) ,  and Hirschberg 
(1965) .  The gene ra l  r e s u l t  ob ta ined  is  t h a t  K i n c r e a s e s  w i t h  a rise 
i n  v e l o c i t y  a l though t h e  exac t  a n a l y t i c a l  r e l a t i o n s h i p  between them 
P P 
P 
i s  s u b j e c t  t o  some d i scuss ion .  Dessler and F e j e r  (1963) had proposed 
t h a t  K would depend upon t h e  rate of change of s o l a r  wind p res su re .  
The i n t e r p l a n e t a r y  magnetic f i e l d  is a l s o  a n  important f a c t o r  i n  
P 
a f f e c t i n g  Kp. Dungey (1961) i n i t i a l l y  suggested t h a t  i n  t h e  presence 
of a southward d i r e c t e d  i n t e r p l a n e t a r y  magnetic f i e l d ,  terrestrial  
magnetic a c t i v i t y  would be enhanced due t o  reconnect ion of geomagnetic 
and i n t e r p l a n e t a r y  f i e l d  l i n e s .  F a i r f i e l d  and C a h i l l  (1966) and 
F a i r f i e l d  (1967) have t e s t e d  and s u b s t a n t i a t e d  t h i s  hypothesis  w i t h  
d a t a  from Explorer  XI1 and IMP-2. I n  a d d i t i o n ,  
t o  such d i r e c t i o n a l  dependencies,  t h e  magnitude of t h e  i n t e r p l a n e t a r y  
magnetic f i e l d  has been c o r r e l a t e d  w i t h  K 
by Wilcox e t .  a l . ,  (1967) and S c h a t t e n  and Wilcox (1967) .  S t a t i s t i c a l l y ,  
f o r  IMP-1 and IMP-3 d a t a  P 
as shown i n  f i g u r e  1 7 ,  i t  is  found t h a t  K ( o r  a ) i s  approximately 
a l i n e a r  f u n c t i o n  of f i e l d  magnitude. 
P P 
Summarizing : 
, 
Vsw = 8 . 4 4  Kp +330 ( Km/ s e c) i 
0 . 2 2  Vsw = 290 ap (Km/ s ec) 
(VSw = 269 log a + 222 (Kdsec)  P 
- 1 7  - 
-+ 
f K 
t P 
li a = (1.5 & Ool) ( B I  + 0.7 & 0.5 
= ( 0 , 3 3  & 0.02) ( B I  f: 0.2 
P 
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Summary and Prognosis  
The measurement of low energy plasmas and ve ry  low l e v e l  magnetic 
f i e l d s  on sa te l l i t es  and space probes has progressed very f a r  s i n c e  
1959. Experimental techniques now permit t h e  f a b r i c a t i o n  o f  non-magnetic 
s p a c e c r a f t  so t h a t  v e c t o r  magnetic f i e l d s  can be measured t o  a c c u r a c i e s  
of k0.2 g a m a .  I n  a d d i t i o n ,  c o m u n i c a t i o n  rates of d a t a  from 
experiments has inc reased  so t h a t  a d d i t i o n a l  f i n e  t i m e  s c a l e  and t h u s  
s p a t i a l  d e t a i l s  of t h e  i n t e r p l a n e t a r y  medium can be s tud ied .  
The d i r e c t  measurement of t h e  i n t e r p l a n e t a r y  plasma and i t s  
imbedded magnetic f i e l d  during t h e  pas t  s e v e r a l  y e a r s  has v e r i f i e d  t h e  
t h e o r e t i c a l  model developed p r i n c i p a l l y  by Parker .  
reveal a morphology i n  which t h e  permanent l o n g i t u d i n a l  s t r u c t u r e  of 
t h e  s o l a r  plasma and magnetic f i e l d  a t  t h e  s o l a r  s u r f a c e  i s  r e f l e c t e d  
i n  an apparent  c o r o t a t i o n  of s p a t i a l  s t r u c t u r e  observed between 0 .7  
and 1.5 AU. The i n t e r p l a n e t a r y  magnetic f i e l d  i s  i d e n t i f i e d  t o  b e  of 
s o l a r  o r i g i n  and t o  r e s u l t  from t h e  ex tens ion  of photospheric  f i e l d s  
i n t o  i n t e r p l a n e t a r y  space by t h e  s o l a r  p lasma.  Grad ien t s  of t h e  
i n t e r p l a n e t a r y  p la sma  and magnetic f i e l d  have been observed i n  good 
agreement w i t h  t h e  classic s o l a r  wind model. Microscale  s t r u c t u r e  of 
t h e  i n t e r p l a n e t a r y  medium shows t h e  alignment of plasma thermal 
a n i s o t r o p i e s  wi th  t h e  in s t an taneous  magnetic f i e l d  and t h e  meso-scale 
f e a t u r e  of c o l l i m a t i o n  of s o l a r  cosmic r a y s  along t h e  i n t e r p l a n e t a r y  
magnetic f i e l d  immediately af ter  i n j e c t i o n .  The macroscale s e c t o r  
s t r u c t u r e  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  r e v e a l s  l o n g i t u d i n a l  
v a r i a t i o n s  of t h e  corona which p e r s i s t  ove r  s e v e r a l  s o l a r  r o t a t i o n s .  
De ta i l ed  measurements 
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Measurements of t h e  p lasma have been made on ly  on t h e  p o s i t i v e  
i o n i c  p o r t i o n .  
a t tempted by observing the  e f f e c t  on r a d i o  waves propagated through 
t h e  i n t e r p l a n e t a r y  medium. A summary of s o l a r  wind p h y s i c a l  p r o p e r t i e s  
observed a t  1 AU between 1962-1966 i s  g iven  i n  Table 11. 
The d e t e c t i o n  of e l e c t r o n s  i n  t h e  s o l a r  wind has been 
I n  t h e  i n i t i a l  phases of exp lo ra t ion  of t h e  i n t e r p l a n e t a r y  medium 
s e p a r a t e  r e s u l t s  from i n d i v i d u a l  experiments were v e r y  important.  
It i s  now c l e a r  t h a t  t h e  c o r r e l a t i o n  of p l a s m a ,  magnetic f i e l d  and 
p a r t i c l e  measurements i s  e s s e n t i a l  t o  d e f i n i t i v e l y  e s t a b l i s h  t h e  
p h y s i c a l  parameters  of t h e  i n t e r p l a n e t a r y  medium as w e l l  as t o  
understand t h e i r  c h a r a c t e r i s t i c  t e m p o r a l  v a r i a t i o n s .  
The i n t r i n s i c  d i f f i c u l t i e s  i n  t h e  measurements of t h e  e l e c t r o n  
component of t h e  plasma are due t o  t h e  mod i f i ca t ions  p re sen t  when t h e  
s p a c e c r a f t  i t s e l f  is imbedded w i t h i n  t h e  plasma. It  may be sometime 
be fo re  "hard" experimental  r e s u l t s  a re  obtained on t h i s  important 
element of t h e  s o l a r  p lasma.  D e f i n i t i v e  s t u d i e s  of p lasma s t a b i l i t y  
and wave propagat ion w i l l  not be conducted u n t i l  t h e  d i s t r i b u t i o n  
f u n c t i o n  f o r  t h e  e l e c t r o n s  is  as w e l l  known as t h a t  f o r  t h e  p o s i t i o n  
ion  component. By measurements not  only of energy p e r  u n i t  charge bu t  
a l s o  mass/uni t  charge (as conducted on Explorer  34 by Ogi lv i e  e t .  a l . ,  
1967) w i l l  d e f i n i t i v e  measurements on t h e  chemical composition of t h e  
s o l a r  plasma be obtained.  F i n a l l y ,  t h e r e  a r e  ex tens ive  experimental  
d a t a  a l r e a d y  received which have y e t  t o  be analyzed due t o  d i f f i c u l t i e s  
i n  p rocess ing  l a r g e  q u a n t i t i e s  of da t a .  
by t h e  s c i e n t i f i c  community has  required s u b s t a n t i a l l y  more time than  
The a n a l y s i s  of t h e s e  d a t a  
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f o r  r e a l  t i m e  t r ansmiss ion  of t h e  raw da ta ,  The continued a n a l y s i s  
of such d a t a  w i l l  c o n t r i b u t e  a d d i t i o n a l  o b s e r v a t i o n a l  information 
t o  t h e  p r e s e n t  se t  of experimental  f a c t s ,  
ACKNOWLEDGEMENTS 
I am indebted t o  my co l leagues  Drs. L. Burlaga,  H. Hundhausen, 
K O  G. McCracken and J, M, Wilcox f o r  t h e i r  p a r t i c i p a t i o n  i n  many 
of t h e  s t u d i e s  whose r e s u l t s  have been b r i e f l y  summarized here .  
TABLE 1 
SATELLITE 
Luna 1 
Luna 2 
P ionee r  V 
Explorer  10 
LAUNCH 
DATE 
1-2-59 
9-12-59 
3-11-59 
3-25-61 
ORBIT 
(Geocentr ic  Apogee) 
S o l a r  O r b i t  
Luna Impact 
S o l a r  O r b i t  
(0.9-1.0 AU) 
Apogee = 42.6 RE 
Mariner I1 8-27-62 Venus Flyby 
(0.7-1.0 AU) 
IMP-1 11-27-63 Apogee = 31 
Vela 2 A ,  2B 
OGO - 1 
IMP -2 
Mariner I V  
IMP-3 
Vela  3A, 3B 
Pioneer  6 
Luna 10 
OGO - 3 
Explorer  33 
7-17-64 
9-5-64 
10-4-64 
11 -2 8- 64 
5-29-65 
7-20-65 
12- 16- 65 
3-31-66 
6-6-66 
7-1-66 
C i rcu la r -  1 7  RE 
Apogee = 24.3 RE 
Apogee = 15.9 RE 
Mars Flyby 
(1.0-11.5 AU) 
Apogee - 40 
C i r c u l a r  -18.5 
S o l a r  O r b i t  
(0.81-0.98 AU) 
Lunar O r b i t  
Apogee = 24 RE 
Apogee = 81 RE 
LIFETIME 
DAYS 
1 
1 . 5  
50 
2.2 
128 
181 
S.O. 
S.O.  
150 
270 
720 
S . O .  
200 
S.O. 
60 
S . O .  
S.O. 
I N  PLASMA-MAGNETIC FIELD 
INSTRUMENTATION 
E l ec t ron - Ion  Trap 
E l ec t ron - Ion  T r a p  
Search  C o i l  Magnetometer 
Faraday Cup; F luxga te ,  
Rubidium Vapor 
Magnetometers 
E l e c t r o s t a t i c  Analyzer ;  
F luxga te  Magnetometer 
E l e c t r o s t a t i c  Analyzer ,  
Faraday Cup; Rubidium 
Vapor, F luxgate  
Magnetometers 
E l e c t r o s t a t i c  Analyzer ;  
Search  Co i l  Magnetometer 
S i m i l a r  t o  IMP-1 
Same as IMP-1 
Faraday Cup; Helium 
Vapor Magnetometer 
Same as IMP-1 
E l e c t r o s t a t i c  Analyzer ;  
Search  Co i l  Magnetometer 
E l e c t r o s t a t i c  Analyzer ;  
Faraday Cup; F luxgate  
Magnetometer 
E l ec t ron - Ion  Trap ; 
F luxga te  Magnetometer 
Same as OGO-1 I , 
Faraday Cup; F luxga te  ~ 
Magnetometers ~ 
TABLE 1 (Continued) 
LAUNCH ORBIT LIFETIME I N  PLASMA-MAGNETIC FIELD 
SATELLITE DATE (Geocentr ic  Apogee) DAYS INSTRUMENTATION 
P ionee r  7 8-17-66 S o l a r  O r b i t  S.O. Same as P ionee r  6 
(l.&l.l AU) 
Vela  4A, 4B 5-10-67 C i r c u l a r  -17 R S.O. E l e c t r o s t a t i c  Analyzer 
Exp lo re r  34 5-24-67 Apogee = 31 
E 
s.0 E l e c t r o s t a t i c  and Magnetic 
Analyzer;  F luxga te  
Mag n e t  ome t e r  
% 
TABLE 1 - Summary of US and USSR s a t e l l i t e s  and space probes which have 
provided experimental  d a t a  on the i n t e r p l a n e t a r y  plasma and 
magnetic f i e l d .  
TABLE I1 
Minimum 
108 
Maximum Average 
3x108 
400-500 
- 1 . 5 O  East 
2 F l u x  (ions/cm /sec)  1o1O 
Ve loc i ty  ( K m / s e c )  2 80 
- +loo 
9 00 
D i r e c t i o n  of Flow of S o l a r  Radius 
Vector 
Dens i ty  (ions/cm 2 ) 0.4 80 5 
4 
zX1o5 
1.4 
% Helium/Hydrogen 0 
6x103 
15 
1x10 6 Temperature ( O K  ) 
Thermal Anisotropy 
(Tmax/Tave) 
Magnetic F i e l d  Magnitude 
( g a m a )  
1.0 
( i s o t r o p i c )  
2.5 
0 ,25 40 6 
135O, 315' Magnetic F ie ld  D i r e c t i o n  
( w r t  S o l a r  Radius Vector) 
i n  e c l i p t i c  p lane  
150 Magnetohydrodynamic Wave 
Phase V e l o c i t i e s  
(Km/sec) 
30 60 
Summary of Average P r o p e r t i e s  of I n t e r p l a n e t a r y  Medium observed a t  
1 AU dur ing  1962 - 1966 
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FIGURE CAPTIONS 
F igure  1 
F igure  2 
F igu re  3 
Figure  4 
Figure  5 
Figure  6 
F igu re  7 
F igu re  8 
3 Hour Average va lues  of  p lasma v e l o c i t y  V and pro ton  
number d e n s i t y  n ( logar i thmic  scale) as observed by 
Mariner I1 i n  1962. (Neugebauer and Snyder,  1966). 
Measured g r a d i e n t  of pro ton  number d e n s i t y  n , f l u x  %V 
and energy flow by Mariner I1 w i t h  comparison t o  inve r se  
d i s t a n c e  squared t h e o r e t i c a l  dependence (Neugebauer and 
Snyder,  19 66). 
Power spectrum of r a d i a l  component of  i n t e r p l a n e t a r y  magnetic 
f i e l d  f l u c t u a t i o n s  observed by Mariner I1 (Coleman, 1966). 
Magnitude his togram of  i n t e r p l a n e t a r y  magnetic f i e l d  observed 
by IMP 1 i n  1963-1964 
D i r e c t i o n a l  d i s t r i b u t i o n  func t ion  of i n t e r p l a n e t a r y  magnetic 
f i e l d  observed by IMP-1 i n  1963-1964 (Ness and Wilcox, 1964). 
C h a r a c t e r i s t i c  s e c t o r  s t r u c t u r e  of  i n t e r p l a n e t a r y  magnetic 
f i e l d  observed by IMP-1 i n  1963-1964 (Ness and Wilcox, 1965). 
Consecutive 27 day pe r iods  of  obse rva t ions  of p e r s i s t e n t  s o l a r  
cosmic ray  f l u x  on IMP-1 ind ica t ing  confinement t o  a s i n g l e  
s e c t o r  f o r  t h r e e  s o l a r  r o t a t i o n s .  (Wilcox and Ness, 1965). 
Apparent r o t a t i o n  pe r iod  of  photospher ic  magnetic f i e l d s  
sun s p o t s  and autocorrelat ion-deduced per iod  f o r  i n t e r p l a n e t a r y  
magnetic f i e l d  a t  1 AU as observed by IMP-1 as func t ion  of 
he l iog raph ic  l a t i t u d e  (Ness and Wilcox, 1964). 
P 
P 
F i g u r e  9 Summary of Mariners I1 and I V ,  and IMP'S 1, 2 and 3 
de te rmina t ions  o f  t h e  i n t e r p l a n e t a r y  s e c t o r  s t r u c t u r e  
from 1962-1966. The boundaries and p o l a r i t y  are i n d i c a t e d  
and superimposed on t h e  C9 diagram of magnetic a c t i v i t y  
f o r  t h i s  per iod (Ness and Wilcox, 1967). 
F i g u r e  10 Typical  Vela 3 spectrum (counts  f e r s u s  energy p e r  u n i t  
charge i n  a f ixed  d i r e c t i o n )  and t h e  a s s o c i a t e d  angular  
d i s t r i b u t i o n  ( coun t s  versus d i r e c t i o n ,  0 = 180 i s  a n i t -  
s o l a r ,  a t  a f ixed  energy per u n i t  charge.) Hundhausen e t .  a l . ,  
1967a). 
A contour  mapping i n  t h e  V1 V 2  p l ane  of a t y p i c a l  p ro ton  
v e l o c i t y  d i s t r i b u t i o n  func t ion  de r ived  from Vela 3 d a t a .  
The s m a l l  t r i a n g l e  i n d i c a t e s  t h e  mean v e l o c i t y .  3 i n d i c a t e s  
t h e  IMP-3 5.46 minute average magnetic f i e l d  d i r e c t i o n  as 
p r o j e c t e d  onto t h e  V1V2 plane f o r  t h e  t i m e  i n t e r v a l  cen te red  
a t  0448 UT. (Hundhausen e t .  a l . ,  1967b). 
The magnetic f i e l d  d i r e c t i o n  9, and d i r e c t i o n  of maximum 
proton temperature G a ,  p l u s  180 (measured on Vela 3B) f o r  
a s i x  hour per iod on 4 August 1965. (Hundhausen, e t .  a l . ,  
1967b) 
0 
Figure  11 
-+ 
P 
F igu re  12  
0 
Figure  13  Magnitude d i s t r i b u t i o n  funct ion f o r  i n t e r p l a n e t a r y  magnetic 
f i e l d  obse rva t ions  by Pioneer 6 i n  1966. 
F igu re  14 D i r e c t i o n  d i s t r i b u t i o n  func t ion  f o r  P ionee r  6 i n t e r p l a n e t a r y  
magnetic obse rva t ions  i n  1966 (Burlaga and Ness, 1967). 
Figure  15 
Figure  16 
F igu re  1 7  
Summary of p o l a r i t y  d i r e c t i o n s  of t h e  i n t e r p l a n e t a r y  
magnetic f i e l d  observed by Pioneer  6 dur ing  consecut ive  
29 day pe r iods  (Burlaga and Ness, 1967). 
Comparison o f  i n t e r p l a n e t a r y  magnetic f i e l d  and s o l a r  cosmic 
r ay  a n i s o t r o p i c  d i r e c t i o n s  p ro jec t ed  on to  e c l i p t i c  p lane  
(McCracken and Ness, 1966). 
S c a t t e r  p l o t  of three-hour  K va lues  ve r sus  three-hour  
average va lues  of  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  magnitude 
f o r  IMP-1. The s m a l l  open c i r c l e s  r ep resen t  t h e  o r i g i n a l  
d a t a  and t h e  s o l i d  c i r c l e s  as averages of cont iguous 10% 
segments of t h e  da ta ,accord ing  t o  magnitude o rde r ing .  
The open t r i a n g l e s  represent  IMP-3 d a t a ,  f o r  which t h e r e  
were approximately four  times as much data . .  (Scha t t en  and 
P 
Wilcox, 1967) 
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